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2.0      Technology Effectiveness Analysis

remediation goal (PRG) for lead established by EPA (EPA
2000). However, previous field sampling conducted by
OEPA with XRF analyzers had indicated that total concen-
trations of lead in the soil at the trailer park were well above
400 mg/kg.

2.2 Demonstration Activities
Section 2.2.1 discusses demonstration activities that were
conducted before treatment. Sections 2.2.2 and 2.2.3, re-
spectively, provide detailed descriptions of the demonstra-
tion activities that were conducted during and after the
demonstration.

2.2.1 Activities Before Treatment
SITE personnel identified a total of 10 experimental units
at the trailer park, and only one experimental unit at the
inactive pottery factory. All the experimental units were
identified through application of the provisions of a judg-
mental plan based on knowledge of the site and total lead
measurements taken with a field XRF.

SITE Program personnel removed the vegetation (sod)
from the experimental units. To facilitate the homogeniza-
tion of the soil and the collection of samples, the soil in the
ten experimental units at the trailer park was mixed with a
garden tiller to a depth of approximately 6 inches. The soil
in the one experimental unit at the inactive pottery factory
was homogenized by mixing soil with a backhoe to a depth
of 6 inches. The 10 experimental units in the trailer park
were assigned letters (C,G,K,L,M,N,O,Q,R,T), as was the
experimental unit adjacent to the inactive pottery factory
(U). Each of the 10 units in the trailer park measured 5 feet
wide by 5 feet long, and the single unit at the inactive pot-
tery factory unit measured 3 feet wide by 6 feet long. The
depth of the demonstration in all units was limited to the
upper 6 inches of soil. Figure 2-1 shows the locations of
the experimental units at the trailer park, and Figure 2-2
shows the location of the experimental unit at the inactive
pottery factory.

To establish the conditions present before the application
of Envirobond™, soil samples were collected from each
experimental unit. However, the samples were collected
differently at the two locations. At the trailer park, compos-
ite samples were collected from each of the 10 experimen-
tal units; at the inactive pottery factory, five grab samples
were collected from the single experimental unit. Specific
sampling procedures are described below for the trailer
park and the inactive pottery factory.

This section addresses the effectiveness of Envirobond™
as observed during the demonstration of the technology
at the selected sites at the CRPAC. Section 2.1 describes
the predemonstration activities that lead to the selection
of the two locations for the demonstration; Section 2.2 pre-
sents the activities conducted during the demonstration,
including the establishment of experimental units at each
demonstration site, and the collection of untreated and
treated soil samples; Section 2.3 describes the laboratory
analytical and statistical methods used to evaluate dem-
onstration objectives; Section 2.4 presents results of the
demonstration; and Section 2.5 provides a summary of
results obtained from the analysis of quality control
samples that were collected during the demonstration.

2.1 Predemonstration Activities
Predemonstration activities included preliminary sampling
at four candidate locations, followed by selection of two
demonstrations sites. In March 1998, site personnel col-
lected soil samples from four locations that had been iden-
tified by OEPA as potential demonstration sites. Three of
the locations were at pottery factories, and the other loca-
tion was at a former trailer park that had been constructed
on property contaminated with pottery wastes. At all four
locations, field measurements of total lead concentrations
were made with an x-ray fluorescence (XRF) analyzer, and
additional samples were collected for laboratory analysis
of total lead, leachable lead (by the TCLP and SPLP), and
soil lead bioaccessibility (by the SIVM). Table 2-1 presents
the highest concentrations of lead measured at each of the
four locations. The highest concentrations of lead mea-
sured in the field by XRF analyzers are higher than those
measured in the laboratory because samples for labora-
tory measurements were not collected at exact locations
where the highest field concentrations of lead were de-
tected. As Table 2-1 indicates, the two locations selected
for the SITE demonstration were the inactive pottery fac-
tory in Roseville, Ohio, and the trailer park, also in
Roseville. The principal reasons for the selection of the
inactive pottery factory in Roseville were that it appeared
to have higher concentrations of lead than any of the other
locations and it was more readily accessible than the other
pottery factories. The trailer park was selected for the SITE
demonstration primarily because use of that site would
allow evaluation of the Envirobond™ technology at sites
at which concentrations of lead in soil were lower than
those at the pottery factories. At the time the selection was
made, there was some concern that the concentrations of
lead at the trailer park might be too low because they did
not exceed 400 mg/kg, the residential preliminary
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The composite soil samples for each experimental unit at
the trailer park were prepared by collecting an aliquot of
soil from each corner and from the middle of the experi-
mental unit, as Figure 2-1 shows. Each aliquot was placed
in a stainless-steel bowl (approximate volume: 64 ounces)
with a stainless steel spoon or trowel. The technology was
not to be evaluated for its ability to treat pottery chips;
therefore, the soil samples were screened through a brass
3/8-inch sieve into a plastic 5-gallon bucket to remove pot-
tery chips from the samples. Particles larger than 3/8 inch
were returned to the stainless steel bowl, and the percent-
age of the particles, on the basis of volume, that did not
pass through the sieve was estimated and recorded in the
logbook. The composite sample was hand-mixed in the
bucket with a stainless-steel spoon for one minute before
the sample containers were filled. After mixing, fractions
for the various analyses were prepared by filling the
sample containers with the composited soil. Field duplicate
samples were collected from two of the experimental units
at the trailer park. The five grab soil samples collected from
the single experimental unit at the inactive pottery factory
were collected before treatment from each corner and the
from middle of the experimental unit, as shown in the in-
set diagram on Figure 2-2. Each grab soil sample was
placed in a separate stainless-steel bowl (approximate
volume: 64 ounces) with a stainless-steel spoon or trowel.
The grab soil sample was sieved through a brass 3/8-inch
sieve into a plastic 5-gallon bucket. Particles larger than 3/
8 inch were returned to the stainless steel bowl, and the
percentage of the particles, on the basis of volume, that
did not pass through the sieve was estimated and recorded
in the logbook. Each grab sample was hand-mixed in the
bucket with a stainless-steel spoon for one minute before

the sample containers were filled. The grab samples from
various locations were not composited. One field duplicate
sample was collected from one of the grab soil samples
in one of the sampling buckets.

2.2.2 Treatment Activities
RMRS applied the Envirobond™ process after the pre-
treatment activities were completed at each experimental
unit. The Envirobond™ process powder was applied to the
surface of the experimental unit using a fertilizer drop
spreader. The Envirobond™ process liquid was applied
over the powder using a watering can. The EnvirobondTM

process powder and liquid were mixed into the soil using
a garden tiller. Flyash was used to adjust the soil pH of
each experimental unit to approximately 7.0. A thin layer
was distributed over the surface of the experimental unit
and tilled into the experimental unit.

2.2.3 Activities After Treatment
SITE personnel evaluated the effectiveness of the treat-
ment by collecting and analyzing soil samples after the
technology was applied and comparing the data from
those samples with the data on the untreated soil. Soil
samples were collected from the experimental units
treated with Envirobond™ after a minimum of 24 hours
after treatment. Sampling of treated soils at the trailer park
consisted of collecting and compositing five soil aliquots
from each experimental unit in the same manner in which
the samples of untreated soil were collected. At the inac-
tive pottery factory, grab samples of treated soils were
collected from the single experimental unit in the same
manner in which the samples of untreated soil were col-
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Figure 2-1. Trailer park sampling locations and patterns.
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Figure 2-2. Inactive pottery factory sampling locations and patterns.
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lected, except that nine grab samples were collected in-
stead of five (see Figure 2-2) to obtain a more precise
estimate of the treated sample mean.

2.3 Laboratory Analytical and Statistical
Methods
The SITE program samples collected during the demon-
stration were analyzed by methods described in the QAPP
approved by EPA (Tetra Tech EM Inc. [Tetra Tech] 1998).
Statistical analyses were performed on selected analyti-
cal data to demonstrate whether the criteria set forth in the
primary and secondary objectives were met. The follow-
ing section presents a brief description of the analytical
procedures and statistical methods used to evaluate the
samples that were collected during the demonstration.

2.3.1 Laboratory Analytical Methods
Several analytical methods were used to evaluate the
project objectives on the basis of the specific analyses of
interest and the minimum detectable concentrations
needed to achieve the project objectives. Whenever pos-
sible, methods approved by EPA were selected to analyze
the soil samples collected during the demonstration. The
following references were used in performing the standard
analytical procedures approved by EPA:

• EPA. 1996. Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods, Laboratory Manual,
Volume 1A through 1C and Field Manual, Volume 2,
SW-846, Third Edition, Update III. EPA Document
Control No 955-001-00000-1. Office of Solid Waste
Washington, DC December. (For convenience, ana-
lytical methods from this reference are referred to as
SW-846, followed by their respective analytical
method number.)

• EPA. 1983. Methods for Chemical Analysis of Wa-
ter and Wastes, EPA–600/4-79-020 and subsequent
EPA-600/4-technical additions. Environmental Moni-
toring and Support Laboratory, Cincinnati, Ohio. (For
convenience, analytical methods from this reference
are referred to as MCAWW followed by their respec-
tive analytical method number.)

When standard methods were not available, or when the
standard methods did not meet the project objectives,
other published methods were used to analyze the soil
samples. The nonstandard methods were evaluated and
approved for use by EPA NRMRL before the soil samples
were analyzed. Table 2-2 lists the parameters, matrices,
method references, and method titles for the analytical
laboratory procedures used to evaluate the SITE demon-
stration samples. Brief descriptions of the extraction pro-
cedures, lead analytical procedures, and nonstandard
analytical procedures used in the demonstration are pro-
vided below.

Standard Extraction Procedures
Three standard extraction procedures approved by EPA
were used to analyze soil samples to determine the con-
centrations of lead that will leach under various conditions

– the TCLP, the MEP, and the SPLP. The TCLP is used to
determine the mobility of contaminants in solids and
multiphase waste; it simulates the initial leaching that a
waste would undergo in a sanitary landfill. The MEP was
designed to simulate both the initial and the subsequent
leaching that a waste would undergo in an improperly de-
signed sanitary landfill, where it would be subjected to pro-
longed exposure to acid precipitation. The SPLP is
designed to simulate the initial leaching that a waste would
undergo if it were disposed of in a monofill, where it would
be subjected to exposure to acid precipitation (EPA 1996).
The multiphase steps in performing the extraction proce-
dures are described below.

The basic steps in performing the extraction procedures
are:

• Determine the appropriate solution by reviewing
preliminary analyses of the soil’s solid content and
pH of the soil

• Prepare the appropriate extraction fluid (consisting
of one or more concentrated acids, depending on
the procedure), diluted with distilled deionized wa-
ter

• Place a specified quantity of the soil sample in an
extraction vessel with a predetermined quantity of
extraction fluid

• Rotate the vessel at the specified rotations per
minute (rpm) for the appropriate amount of time (18
to 24 hours)

• Maintain the temperature as described in the meth-
ods

• Separate the material by filtering the content of the
vessel through a glass fiber filter

• Analyze the resulting liquid for lead concentrations
of lead by the procedures set forth in SW-846 meth-
ods 3050B and 6010B

Extraction Procedure for Bioaccessible Lead
The extraction procedure for soil lead bioaccessibility is
presented in the SIVM. The steps in the procedure are:

• Air dry the soil sample, grind it with a mortar and
pestle, and sieve it with a less than 250 microns (µm)
sieve

• Analyze the sample for total lead using a XRF ana-
lyzer

• Add the sample to an aqueous extraction fluid con-
sisting of deionized water, glycine as a buffer, and
concentrated hydrochloric acid

• Maintain the sample and extraction fluid at a pH of
1.50, ± 0.05, and tumble both in a water bath at 37o

C for one hour, using a modified TCLP apparatus
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• Collect 15 milliliters (mL) of extract from the extrac-
tion vessel into a 20-cubic-centimeter syringe and
filter through a 0.45-micrometer (µm) cellulose ac-
etate disk filter into a 15-mL polypropylene centri-
fuge tube

• Analyze the filtered extract for lead using ICP-AES
according to SW-846 Method 6010B.

Table 2-3 summarizes the acids used in extraction fluids
and other operational parameters of the extraction proce-
dures.

Lead Speciation by Scanning Electron Microscopy
The percent frequency of various lead species (hereafter
referred to as lead phases) in soil samples before and af-
ter treatment was determined by application of the metal
speciation procedure developed by Dr. John Drexler (Uni-
versity of Colorado 1998). The procedure uses an electron
microprobe (EMP) technique to determine the frequency
of occurrence of metal-bearing phases in soil samples.

The EMP used for this analysis is equipped with four wave-
length dispersive spectrometers (WDS), an energy disper-
sive spectrometer (EDS), a backscatter electron imaging
(BEI) detector for taking photomicrographs, and a data
processing system. Two of the spectrometers were
equipped with synthetic “pseudocrystals” that have been
developed recently for WDS applications. The
pseudocrystals are known as layered dispersive elements
(LDE). The materials are composed of alternating layers
of boron and molybdenum of varying thicknesses and are
designed to optimize the separation of individual wave-
lengths in the x-ray characteristic radiation spectrum. The
first of the materials to be produced for WDS applications
(LDE-1) was used in one of the spectrometers for the de-
termination of oxygen. Another spectrometer was
equipped with a LDE designed to detect carbon (LDE-C).

Lead speciation was determined by using the EMP to per-
form point counts on the samples. Point counting is a
method of determining the volume fractions of constituent
phases in a sample from the relative areas, as measured
on a planar surface. The EMP analyzes a sample on a

point-by-point basis to determine how much of a given
phase is present in a sample. The point counts were per-
formed by crossing each sample from left to right and from
top to bottom with the electron beam. The amount of ver-
tical movement for crossing depends on the magnification
used and the size of the cathode-ray tube. In all cases, the
movement was kept to a minimum so that no portion of the
sample was missed. Two magnification settings were used
for each sample, one ranging from 40 to 100 X and the
other ranging from 300 to 600 X. The second magnifica-
tion allowed the identification of the smallest identifiable
phases (1 to 2 µm). The precision of the EMP lead specia-
tion data was determined from duplicate analysis per-
formed every 20 samples.

Lead Speciation by Sequential Extractions
The lead phases in the soil samples from both sites were
identified by application of Tessier’s sequential extraction
procedure (Tessier 1979). The soil samples were analyzed
by the Laboratory for Environmental and Geological Stud-
ies at the University of Colorado, Boulder.

The soil samples were air-dried, ground with a mortar and
pestle, and sieved to less than 250 µm. The procedure
uses sequential chemical extractions with different re-
agents to determine the concentration of lead that parti-
tions into each of several discrete metal phases. The
phases include exchangeable lead, lead bound to carbon-
ates, lead bound to iron oxide, lead bound to manganese
oxide, lead bound to organic matter, and residual lead.
Approximately one gram of the sample aliquot (dried
weight) was used for the initial extraction. The reagent used
to extract the exchangeable lead phase was magnesium
chloride (MgCl

2
) at a pH of 7.0. For the second extraction,

a solution of sodium acetate and acetic acid at a pH of 5.0
was used to extract the lead bound to carbonates. For the
third extraction, a hydroxyl amine hydrochloride in 25 per-
cent acetic acid (pH ~ 2) solution was used to extract the
lead bound to iron and manganese oxides. For the fourth
extraction, hot hydrogen peroxide in a nitric acid solution
and subsequently ammonium acetate were used to extract
the lead bound to organic matter. For the final extraction,
a solution of hydrofluoric and perchloric acid solution was
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used to extract the lead bound to primary and secondary
minerals (the residual phase).

Oxidation-Reduction Potential
The soil samples were prepared for determining Eh using
the sample preparation procedures set forth in SW-846
Method 9045C. The method consisted of preparation of a
soil suspension by adding 20 mL of reagent water to 20
grams of soil. The mixture was covered and stirred for five
minutes. The soil suspension was allowed to stand for one
hour to allow most of the suspended clay to settle out of
the suspension. The Eh then was measured according to
American Society for Testing and Materials (ASTM) Test
Method D1498-93, “Standard Practice for Oxidation-Re-
duction Potential of Water.” A meter capable of reading
millivolts (mV) with a reference electrode and an oxidation-
reduction electrode was used to take the measurements.
The meter first was allowed to warm up for two to three
hours before measurements were taken. After the meter
was checked for sensitivity and the electrodes were
washed with deionized water, the electrodes were placed
into the sample. While the sample was agitated with a
magnetic stir bar, successive portions of the sample were
measured until two successive portions differed by no
more than 10 mV.

pH
The pH was evaluated by application of the procedures set
forth in SW-846 Method 9045C. The method consisted of
the preparation of a soil suspension by adding 20 mL of
reagent water to 20 grams of soil. The mixture was covered
and stirred for five minutes. The soil suspension was al-
lowed to stand for one hour to allow most of the suspended
clay to settle out of the suspension. A pH meter was al-
lowed to warm up for two to three hours before measure-
ments were taken. After the meter was checked for
sensitivity and the electrodes were washed with deionized
water, the electrodes were placed in the clear supernatant
portion of the sample. If the temperature of the sample dif-
fered by more than 2°C from that of the buffer solution, the
pH values measured were corrected for the temperature
difference.

Cation Exchange Capacity
One sample from the untreated and treated soil samples
from each site was selected for evaluation of CEC, which

was determined by the barium chloride (BaCl
2
) method.

The BaCl
2
 method provides a rapid means of determining

the exchangeable cations and the “effective” CEC of a wide
range of soil types. By that method, CEC is calculated as
the sum of exchangeable cations (Ca, Mg, K, Na, Al, Fe,
and Mn). The procedure consisted of the following steps:

• The soil sample was air-dried, ground using a mor-
tar and pestle, and sieved to less than 250 µm

• Approximately 0.5 gram of soil was placed into a 50-
mL centrifuge tube with 30.0 mL of 0.1 molar BaCl

2,
and the mixture was shaken slowly on an end-over-
end shaker at 15 rpm for 2 hours

• The mixture was centrifuged for 15 minutes, and the
supernatant portion was filtered through a Whatman
No. 41 filter paper

• The cations were analyzed with an atomic absorp-
tion spectrophotometer.

Acid Neutralization Capacity
The acid neutralization capacity of the soil was determined
by application of Environment Canada Method No. 7. The
soil sample was air-dried, ground using a mortar and
pestle, and sieved to less than 250 µm. The amount of
neutralizing bases, including carbonates, was then deter-
mined by treating each sample with a known excess of
standardized hydrochloric acid. The sample and acid were
heated to allow completion of the reaction between the acid
reagent and the neutralizers in the soil sample. The cal-
cium carbonate equivalent of the sample was obtained by
determining the amount of unconsumed acid by titration
with standardized sodium hydroxide.

Lead Analytical Procedures
Two procedures were used to determine the lead concen-
trations in the soil. One analytical procedure used a nitric
acid solution to measure all but the most stable forms of
lead in the sample, and the other procedure used hydrof-
luoric acid to measure all of the lead in the sample. The
nitric acid digestion procedure involved digesting approxi-
mately one gram of soil with a solution of nitric acid, hydro-
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gen peroxide, and hydrochloric acid. The mixture was
heated to 95oC, ± 5oC, for approximately two hours. The
digestate was filtered through Whatman No. 41 filter paper
into a flask and analyzed for lead ICP-AES, as described
in SW-846 Method 6010B.

The hydrofluoric acid digestion procedure involved heat-
ing approximately one gram of soil in a solution contain-
ing nitric and hydrofluoric acids to 180oC, ± 5oC, for
approximately 9.5 minutes. The digestate was filtered
through Whatman No. 41 filter paper into a flask, and the
filtrate was analyzed for lead by ICP-AES, as described in
SW-846 Method 6010B.

Soil Classification
Soil classification consisted of determining the particle size
distribution, liquid limit, and plasticity index of the soil
samples. That information was used to classify the soil
according to basic soil group, assigning a group symbol
and name. The particle size distribution was determined
by sieving the dried soil samples through a series of sieves
and determining the percentage by weight that was re-
tained on the sieves. The liquid limit is the water content
(measured as percent moisture) at which a trapezoidal
groove cut in moist soil (in a special cup) closes being
tapped 25 times on a hard rubber plate. The plastic limit is
the water content at which the soil breaks apart when
rolled by hand into threads of 1/8-inch diameter. The plas-
ticity index is determined by first determining the liquid and
plastic limits and then subtracting the plastic limit from the
liquid limit.

Humic and Fulvic Acids
Humic and fulvic acids were extracted from the soil
samples and quantified through the use of a sodium hy-
droxide solution, as described below:

• Air dry 15 g of soil, grind it to less than 250 Fm, and
place it in a 250-mL plastic centrifuge bottle

• Add 150 mL of 0.5 molar hydrochloric acid, let the
mixture sit for one hour, and then centrifuge it for 15
minutes and discard the supernatant portion

• Add 150 mL of deionized water to the centrifuge
bottle and mix it to wash the soil of remaining acid;
centrifuge again for 15 minutes and discard the su-
pernatant portion

• Add 150 mL of 0.5 molar sodium hydroxide to the
centrifuge bottle and flush the head space with oxy-
gen-free nitrogen gas

• Place the bottle on an end-over-end shaker for 18
hours

• Centrifuge the mixture for 15 minutes, decant the
supernatant portion, and separate that portion into

the humic and fulvic fractions by acidifying the ex-
tract to a pH of 1.5; the precipitate is the humic acid
fraction, and the supernatant portion is the fulvic
acid fraction

2.3.2 Statistical Methods
This section provides a brief overview of the statistical
methods that were used to evaluate the data from the SITE
demonstration. The methods included assessing the dis-
tribution of sample data and calculating specific paramet-
ric and distribution-free statistics.

2.3.2.1 Determination of the Distributions of the
Sample Data
A preliminary assessment of distribution of data was con-
ducted to determine the approximate statistical distribution
of the sample data when parametric hypothesis tests were
performed. For the evaluation of the data collected for the
primary and secondary objectives, sample data distribu-
tions were determined by the following methods: (1) com-
mon graphical procedures, including histograms,
box-plots, stem-and-leaf plots, and quartile-quartile plots,
and (2) formal testing procedures, such as the Shapiro-
Wilk test statistic, to determine whether a given data set
exhibits a normal distribution.

2.3.2.2 Parametric and Distribution-free Test
Statistics
Various testing procedures were employed to determine
whether there were any significant differences between
concentrations of lead and concentrations of other
analytes of interest in the treated soil and the untreated
soil. Table 2-4 summarizes the statistical procedures used
in evaluating the analytical results associated with each of
the objectives of the SITE demonstration. As the table
shows, all the parametric statistical procedures used to
evaluate the data from the demonstration involved the
Student’s t-tests. Paired Student t-tests were conducted on
data collected from the trailer park, and unpaired Student
t-tests were required on data from the pottery factory be-
cause of the unequal sizes of samples of treated and un-
treated soils from that location (see Figure 2-2). In addition,
the formula for the Student’s t-test was adjusted for evalu-
ation of P2, because the estimator used for that objective
(percent reduction of percent bioavailable lead) required
manipulation to avoid the creation of a cauchy (nonnormal)
distribution, which cannot be evaluated by a Student’s t-
test. Data points obtained from the trailer park for evalua-
tion of P2 (sufficient data from the pottery factory were not
available for application of a meaningful Student’s t-test for
evaluation of P2) were evaluated in a paired Student’s t-
tests, using the following formula:

= − −
=
∑ (y y ) /(n 1)i m

2

i 1
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y yi ti ui m
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where x
ti
 and x

ui
 represent the ith observations about

treated and untreated soils, n represents the sample size,
y

i
 represents the calculated difference between the ith ob-

servations, y
m
 represents the arithmetic mean of the cal-

culated differences, and S
y
2 represents the calculated

variance.

The calculation results in the following t-test statistic:

which follows a t-distribution with n-1 degrees of freedom.
The test then can be used to determine whether the ob-
served mean difference varies significantly from 0.

The formula used for testing for a 100(1-r
0 
) percent reduc-

tion in the arithmetic mean contaminant levels between
normally distributed (paired) data on treated and untreated
soils for P2 was:

where x
th
 and x

uh
 represent the ith observations about the

treated and untreated soils, n represents the sample size,
C

T
 and C

U
 represent the arithmetic mean of observations

about the treated and untreated soils, r
0
 represents the

proportionality reduction factor (for example, if testing for
a 25 percent reduction, r

0
 = 0.25), and �

R
 represents the

computed test statistic. The variance for the estimate was
calculated as follows:

where S
T 

2 and S
U

 2 represent the calculated sample vari-
ance for the treated and untreated soils, S

UT
 represents the

calculated sample covariance between the soils, and the

(2-2)

(2-3)
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term Var( ) symbolizes “the variance of.” However, the fol-
lowing more convenient calculation was applied to the in-
dividual, paired observations:

where all terms are defined as before, since it can be easily
shown that:

That calculation resulted in the following t-test statistic:

which follows a t-distribution with n-1 degrees of freedom.

Bootstrap resampling analysis, a distribution-free analysis,
was performed when assumptions about the distribution
of the sample data were not met. Bootstrap resampling
was used to estimate means, confidence intervals, or con-
struct hypothesis tests. Bootstrap resampling techniques
also were used to check the results produced by various
parametric tests. A bootstrap analysis was performed on
the soil lead bioaccessibility data on the paired samples.
The bootstrap analysis was performed by drawing N
samples of size n from the observed individual percent
reduction (PR) sample values defined as:

where xti and xui once again represent the ith observations
about treated and untreated soils, n represents the sample
size, and N represents the number of times the simulations
were performed ( N = 1000 and n = 10 for this study). The
bootstrap samples then were used to calculate: (1) the
observed mean percent reduction; (2) a 100(1-α)% confi-
dence interval for this mean estimate, using the observed
bootstrap cumulative distribution function; and (3) the pro-
portion of sample means that exceed a given 100(1- r

0
)%

threshold (that calculation represents a bootstrap version
of a hypothesis test).

2.4 Results of the SITE Demonstration
The following sections present the analytical data relevant
to each objective of the demonstration and the results of
evaluations of those data, including summaries of statis-
tical calculations. Section 2.4.1 addresses P1, Section
2.4.2 addresses P2, and sections 2.4.3 through 2.4.6 ad-
dress S1 through S4, respectively.

2.4.1 Evaluation of P1
Determine whether leachable lead in soil can be reduced
to concentrations that comply with the alternative UTS for
contaminated soil that are codified at 40 CFR part 268.49.

The treatment standards for contaminated soil that are
codified at 40 CFR part 268.49 require that the concentra-
tions of lead in the treated soil, as measured by the TCLP,
must be less than 7.5 mg/L or at least 90 percent lower
than those in the untreated soil, whichever is the higher
concentration. Soil samples were collected from the ex-
perimental unit at the inactive pottery factory before and
after treatment to assess the Envirobond™ treatment pro-
cess. Table 2-5 summarizes the TCLP lead data for the
inactive pottery factory site.

The results of the statistical analysis of those data, shown
in Table 2-6, demonstrate that the mean concentration of
TCLP lead in treated soil from the inactive pottery factory
was significantly less than 7.5 mg/L; in fact, the results
reflect a probability of less than 0.001 (or 1 in 1,000) that
the actual mean concentration of TCLP lead in the treated
soils is higher than 7.5 mg/L. Therefore, it was concluded
that Envirobond™ acheived the first primary objective (P1)
of the SITE demonstration. In addition, Envirobond™ ex-
ceeded P1 in that the mean concentration of TCLP lead
in the untreated soil was reduced by more than 99 percent.

Data from the trailer park were not used to evaluate P1
because TCLP lead concentrations in all of the treated and
untreated soil samples from this location were either at or
only slightly higher than the detection limit of 0.05 mg/L.

2.4.2 Evaluation of P2
Determine whether the portion of total lead in soil that is
“bioaccessible,” as measured by an experimental method,
can be reduced by at least 25 percent.

The objective was evaluated by collecting samples of un-
treated and treated soil from the trailer park for soil lead
bioaccessibility and analyzing the samples by the SBRC’s
SIVM. Table 2-7 presents the results of the SIVM analysis
of the untreated and treated soil samples. Soil lead
bioaccessibility is the ratio of the amounts of lead that is
solubilized during the extraction to the total amount of lead
in the soil sample. The concentrations of bioaccessible
lead in the untreated soils (mg/kg) are calculated on the
basis of total lead measured in the extract and the mass
of the soil extracted during the test. The concentrations
then are divided by the total concentration of lead mea-
sured in the untreated soil to arrive at the percentage of
bioaccessible lead in the untreated soils. Identical mea-
surements and calculations are used to calculate the per-
centage of bioaccessible lead in the treated soils.

Data analysis for the objective consisted of performance
of an assessment of data distribution and a parametric test
(t-test). An assessment of the results of the validity of the
parametric test was performed by the conduct of a distri-
bution free test (bootstrap analysis).
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The assessment of data distribution suggested that the soil
lead bioaccessibility data followed a normal distribution (for
both untreated and treated soils). Therefore, the standard
t-test formula for testing for a 100 (1-r

0
)% reduction in the

arithmetic mean was used, with r
0
 equal to 0.25. Table 2-8

presents a summary of the parametric test statistics, which
can be used to determine whether a reduction of at least
25 percent in the soil lead bioaccessibility has been
achieved. To conclude that reduction of at least 25 percent
has occurred at a significance level of alpha 0.05, the ob-
served t-score should be less than -1.812. On the basis of
that criterion, the percent reduction achieved appears to
be less than 25 percent.

An assessment of the validity of the results of the paramet-
ric test was performed through the conduct of a bootstrap
analysis of the sample values. For the bootstrap analysis,
samples of size 10 were drawn with replacement 1,000
times from the Envirobond™ soil lead bioaccessibility data.
Table 2-9 summarizes the results of that analysis.

The calculated percent reduction in soil lead
bioaccessibility was 12.07 percent, with a calculated stan-
dard deviation of 6.07 percent and a 95 percent confidence
interval of -0.4 percent to 22 percent. Only two of the 1,000
bootstrap calculations were found to exceed a percent
reduction value of 25 percent. Therefore, the results of the
bootstrap analysis support the results of the parametric
test, which indicate that Envirobond™ did not appear to
achieve the goal of at least 25 percent reduction in soil lead
bioaccessibility in soils from the trailer park.

2.4.3 Evaluation of Objective S1
Demonstrate the long-term chemical stability of the treated
soil.

Various analytical procedures that are indicative of long-
term chemical stability were selected for use in evaluating
S1. For the demonstration, the long-term chemical stabil-
ity of the treated soil was evaluated by comparing the ana-
lytical results for the untreated soil samples with those for
the treated soil samples, using leaching procedures, lead
speciation methods, and other inorganic chemical proce-
dures, including: the MEP, lead speciation by scanning
electron microscopy, lead speciation by the sequential soil
serial extraction procedure, Eh, pH, cation exchange ca-
pacity, acid neutralization capacity, total lead in soil (as

determined by two different methods), leachable lead by
the SPLP, total phosphates, and leachable phosphates.
The discussions below describe the analytical methods,
how the methods were used to indicate long-term chemi-
cal stability, and the analytical results for each method.

MEP
The MEP was designed to simulate both the initial and
subsequent leaching that a waste would undergo in a sani-
tary landfill. The criterion established for determining
whether the results of the MEP demonstrate achievements
of S1 (long-term chemical stability) required that the con-
centrations of lead leached from the treated samples were
less than 5.0 mg/L. The criterion is a nominal concentra-
tion that would be expected to meet or exceed cleanup
goals at some sites; therefore, it is not provided in any fed-
eral laws or regulations. Although the MEP was not de-
signed for use on untreated soils, the demonstration plan
included analysis of untreated soils using the MEP to pro-
vide a basis of comparison with the test results on the
treated soils.

Table 2-10 lists the analytical results for the MEP. The data
from untreated soil at the trailer park site indicated that the
MEP analytical results were consistently less than 5.0 mg/
L. The data on treated soil from the trailer park site indi-
cated that the MEP analytical results were also consis-
tently less than 5.0 mg/L for the extraction period.

The untreated soils at the five sampling locations at the
inactive pottery factory site contained greater than or equal
to 5.0 mg/L of leachable lead. Figures 2-3 through 2-7 dis-
play the MEP results for the five untreated samples that
were equal to or greater than 5.0 mg/L with the corre-
sponding results from analysis of treated soil.

The MEP lead concentrations of the treated soils at the
inactive pottery factory were reduced below 5.0mg/L ex-
cept for the result for the Day 4 extraction from sampling
location 1 (5.1 mg/L). Other than this one slightly elevated
result, the MEP analytical results indicate that the
Envirobond™ process is effective in reducing the concen-
tration of lead that will leach under repetitive precipitation
of simulated acid rain conditions. Therefore, the long-term
stability of the treated soil appears to have been enhanced
by the addition of the Envirobond™ process.
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Lead Speciation by Scanning Electron Microscopy
This procedure used an EMP technique to determine the
frequency of occurrence of 18 lead-bearing phases in soil
samples from the trailer park location only. For the dem-
onstration, the mean of the percent frequency of each lead
phase was evaluated with regard to the effect the change
in that phase will have on the long-term chemical stability
of the treated soil. The long-term chemical stability of a soil

is enhanced if the application of Envirobond™ increased
the frequency of the phases having low solubilities (such
as the lead phosphate phase) and decreased the fre-
quency of the species that are highly soluble (such as the
lead metal oxide phase). Because of the volume of data
generated from the procedure (10 samples for each of 18
metal-bearing phases), the mean of the percent frequency
of each phase was determined to compare the analytical
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results for untreated and treated soils. The unpublished
TER provides a table of the raw lead speciation data. The
TER is available upon request from the EPA work assign-
ment manager (see Section 1.4 for contact information).

Table 2-11 shows the mean percent frequency of each
metal phase for untreated and treated soils, as well as
other descriptive statistics. The data suggest that there
were potentially significant changes from untreated to
treated soils for only 4 of the 18 phases that were evalu-
ated. The frequency of the lead silica phosphate phase

increased between the values for untreated and treated
soils, a condition that would be indicative of an increase
in the long-term chemical stability of the soil. Also indica-
tive of chemical stability are the apparent reduction in the
iron oxide phase of lead. The results also indicate that there
were decreases in the glass and slag phases of lead,
which indicates a reduction in stability from the untreated
to the treated soils. Because of the nature of the specia-
tion test, it is not possible to identify the net result of the
changes in the frequencies of those four phases. There-
fore, the lead speciation results were not unanimously
consistent with the attainment of objective S1; however, it
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Figure 2-3 . MEP lead results for inactive pottery factory sampling Location 1.

appears that those results suggest that Envirobond™ can
enhance the long-term stability of treated soil.

Lead Speciation by Sequential Extraction
This procedure uses sequential chemical extractions with
different reagents to determine the concentration of lead
that partitions into each of several discrete metal phases.
The phases include exchangeable lead, lead bound to
carbonates, lead bound to iron oxide, lead bound to man-
ganese oxide, lead bound to organic matter, and residual
lead.

The lead in the exchangeable phase, carbonates phase,
iron oxide phase, manganese oxide phase, and organic
matter phase is subject to release to the environment in a
soluble form because of such changes in soil conditions
as pH and Eh. The residual phase contains principally pri-
mary and secondary minerals that may hold the lead within
their crystal structures. Therefore, long-term stability was
evaluated by comparing the concentrations of lead in each
phase of the untreated samples with the concentrations of
lead in each phase of the treated samples. Long-term sta-
bility would be suggested if there are decreases in the
concentrations of lead in the exchangeable phase, carbon-

ates phase, iron oxide phase, manganese oxide phase,
and organic matter phase, with an increase in the residual
phase.

Tables 2-12 and Table 2-13 present the results of the se-
quential extractions on soil samples from the trailer park
and the inactive pottery factory, respectively. On the basis
of an assessment of graphical data distribution the se-
quential extraction data appear to be distributed normally.
Therefore, the data on untreated soils from the trailer park
and the inactive pottery factory were analyzed separately
through application of a series of individual t-tests extrac-
tion.

Table 2-14 displays the summary statistics associated with
the sequential extraction data from both locations. Those
statistics include the estimated means for the untreated
and treated soils, the calculated percent change in those
means, and the level of significance of each t-score. Note
that, because a total of six simultaneous t-tests were per-
formed, a Bonferroni correction was used to preserve the
overall Type 1 error rate. Therefore, no t-score should be
considered statistically significant at the 0.05 level unless
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Figure 2-4. MEP lead results for inactive pottery factory sampling Location 2.

the corresponding level of significance is less than 0.05/6
= 0.0083.

As Table 2-14 shows, the results of the sequential serial
soil extractions indicate significant reductions in the con-
centrations of five of the six lead phases (exchangeable,
carbonate, manganese oxide, iron oxide, and organic
matter) and a significant increase in the residual lead
phase in soils from both sites. Those results are consis-
tent with those obtained for lead speciation by the SEM
procedure (presented in the previous section).

Therefore, the lead speciation results were unanimously
consistent with the attainment of objective S1; and thus it
appears that those results suggest that Envirobond™ can
enhance the long-term stability of treated soil.

Eh
Eh was evaluated to determine whether the treated soil
exhibits an oxidizing or reducing environment. Reducing
conditions favor retention of lead in the soil, which may
increase the long-term stability of the treated soil. The long-
term stability of the treated soil was evaluated by compar-

ing the Eh values for untreated soil with the values for
treated soils and by determining whether the soil exhibited
an oxidizing or reducing environment. A decrease in the Eh
values would suggest long-term stability of the treated soil.

Table 2-15 presents the Eh data for untreated and treated
soil from the trailer park, and Table 2-16 presents the Eh
data for untreated and treated soil from the inactive pot-
tery factory. These Eh data appear to be normally distrib-
uted, based on a graphical data distribution assessment.

Table 2-17 presents the summary statistics associated
with the analysis. Included in that table are the observed
Eh means for untreated and treated soils, the estimated
mean differences, and the levels of significance of the cor-
responding t-scores for the soil from the trailer park. The
differences in the Eh mean levels from the untreated to the
treated soil at both locations do not appear to be statisti-
cally significant. Overall, the results suggest that the ap-
plication of Envirobond™ does not increase or decrease
the Eh of the treated soil significantly. Therefore, the results
for Eh did not demonstrate accomplishment of S1; how-
ever, it appears that failure to achieve that objective may
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Figure 2-5. MEP lead results for inactive pottery factory sampling Location 3.

not reduce significantly the long-term stability of soils
treated with Envirobond™.

pH
In general, the maximum retention of lead is achieved in
soils that are characterized by a pH higher than 7.0, and
the solubility of lead is generally lower in soils that have a
pH between 7.0 and 10.0. Therefore, the pH values of un-
treated and treated soils were evaluated to determine
whether the pH was higher than 7.0 in the samples of
treated soil and to determine whether the pH values had
increased after treatment with Envirobond™.

Table 2-18 presents the analytical results for pH in the soil
from the trailer park. Table 2-19 displays the pH analytical
results for pH in the soil from the inactive pottery factory.
On the basis of an assessment of data distribution, the pH
data appear to be distributed normally; however, pH is the
negative log of hydrogen ion activity. Therefore, pH data on
the untreated and the treated soils were converted to molar
concentration units, and then were analyzed separately for
the trailer park and the inactive pottery factory, through the
use of individual t-tests.

Table 2-20 shows the summary statistics associated with
the analysis. Included in the table are the observed pH
means (calculated using observed pH values after they
were converted to molar concentrations) for untreated and
treated soils, the estimated mean differences, and the lev-
els of significance of corresponding t-scores. Note that the
increase in pH mean levels from untreated to treated soils
at the trailer park appears to be statistically significant.
However, the decrease in pH mean levels from untreated
to treated soils at the inactive pottery factory also appears
to be statistically significant, and none of the pH values for
treated soils from either location are within the optimum
range of 7.0 to 10.0. On the basis of those results, the
application of Envirobond™ does not appear to have en-
hanced the long-term stability of the treated soil.

Cation Exchange Capacity
The objective of the tests for CEC was to determine if
Envirobond™ could increase the CEC, which would indi-
cate an increase in the ability of the soil to prevent migra-
tion of lead. The analytical results for CEC from one
untreated soil sample were compared with those from one
treated soil sample collected at both the trailer park and
the inactive pottery factory to determine whether the cat-
ions in Envirobond™ changed the mobility of the lead in

Extraction Day
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Figure 2-6. MEP lead results for inactive pottery factory sampling Location 4.

the soil. Table 2-21 displays the CEC data from the trailer
park, and Table 2-22 displays the CEC data from the inac-
tive pottery factory. The CEC data for the trailer park show
an increase from the result for untreated soil of 0.13 meq/
g to the result for treated soil of 0.75 meq/g. CEC data for
the inactive pottery factory also show an increase in the
CEC from the result for untreated soil of 0.07 meq/g to the
result for treated soil of 0.51 meq/g.

At both sites, the availability of exchangeable potassium
showed the largest increase. The total observed increases
in the available cations would be expected to reduce the
migration rates and the total distances of migration of the
total masses of lead in the soils at both sites. Therefore,
improvements in the CEC indicate that the application of
Envirobond™ appears to have enhanced the long-term
stability of the treated soil. However, the results are not
quantitative because CEC tests were conducted on only
one sample from each site.

Acid Neutralization Capacity
One soil sample was collected before and another after the
application of Envirobond™ at the trailer park and the in-
active pottery factory; all four samples were analyzed for
acid neutralization capacity. Increasing the acid neutraliza-

tion capacity provides more ligands for formation of the
more stable lead complexes, thereby enhancing the long-
term stability of treated soil. Data on acid neutralization
capacity for soil from the trailer park indicate that there was
an increase from the result for untreated soil of 0.0242
meq/g to the result for treated soils of 1.0580 meq/g. The
data on acid neutralization capacity for the inactive pottery
factory indicate that there was a decrease from the data
on the result for untreated soil of 0.6266 meq/g to the re-
sult for treated soil of 0.4408 meq/g. Because the analyti-
cal results were not consistent at the two sites, the data
do not suggest that the long-term stability of the treated soil
was enhanced by the application of Envirobond™. How-
ever, the results are not statistically conclusive because
only one pair of soil samples was collected at each loca-
tion.

Total Lead in Soil
Two analytical procedures were used to determine total
concentrations of lead in the soil. One procedure, SW-846
Method 3050B, uses a nitric acid solution to digest the lead.
The solution is a very strong acid that dissolves almost all
of lead in a sample that could become “environmentally
available” (EPA 1996); however, the method is not a total
digestion technique. Lead bound in silicates and lead
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Figure 2-7. MEP lead results for inactive pottery factory sampling Location 5.

bound to organics may not be dissolved by this method.
Therefore, a portion of each soil sample was also digested
by hydrofluoric acid. That procedure digests the siliceous
and organic matrices and other complex matrices to pro-
duce a total concentration of lead.

Application of both procedures to determining the concen-
tration of lead was used to ascertain whether Soil Rescue
forms complex matrices that are not dissolved readily.
Binding of the lead into complex matrices should reduce
the concentration of lead that is environmentally available.
If the concentration of lead determined by nitric acid diges-
tion decreases after treatment while the concentration of
lead determined by hydrofluoric acid digestion does not
change significantly, the risk of exposure to environmen-
tally available lead is reduced. If the concentration of lead
determined by nitric acid digestion increases after treat-
ment while the concentration of lead determined by hydrof-
luoric acid digestion does not change significantly, the risk
of exposure to environmentally available lead is increased.
If the concentration of lead determined by both procedures
does not change significantly, the risk of exposure to en-
vironmentally available lead is unchanged. However, if the
concentration of lead determined by hydrofluoric acid di-
gestion increases significantly, the distribution of lead in
complex matrices may follow a non-normal pattern. These
tests were extremely aggressive tests, thus meeting the
acceptance criteria established for these tests was not as

important as meeting the acceptance criteria of other tests
involving long-term chemical stability.

Table 2-23 lists the concentrations of lead determined by
nitric acid digestion of untreated and treated soil from the
trailer park, and Table 2-24 lists the concentrations of lead
acid digestion of untreated and treated soil from the inac-
tive pottery factory. The data appear to be distributed nor-
mally, as indicated by a graphical assessment of data
distribution. Therefore, the differences between total lead
in treated and untreated soils were analyzed separately for
the trailer park and the inactive pottery factory, through the
use of separate Student t-tests.

Table 2-25 displays the summary statistics associated with
the analysis. The statistics include the estimated untreated
and treated mean concentrations of lead, the calculated
percent change in the means, and the levels of significance
of the t-scores. The observed mean concentration of lead
in soil from the trailer park decreased from 1,157.9 mg/kg
to 809.5 mg/kg, while the mean concentration of lead in soil
from the inactive pottery factory decreased from 36,140
mg/kg to 30,488.9 mg/kg. The corresponding t-scores in-
dicate that the decrease at the trailer park is statistically
significant, and that the decrease at the inactive pottery
factory is not statistically significant. Therefore, the statis-
tical analysis of the data suggests that, at the trailer park,
Envirobond™ has resulted in binding a portion of the to-
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tal lead in such a manner that it is no longer subject to di-
gestion using nitric acid (This suggestion, however is not
supported by the results of the hydrofluoric acid digestion
method for total lead; see next section). However there
were no significant differences in mean concentrations of
total lead between untreated and treated soils from the
inactive pottery factory using the nitric acid digestion
method for total lead.

Table 2-26 presents the concentrations of lead determined
by hydrofluoric acid digestion of untreated and treated soil
from the trailer park, and Table 2-27 presents the concen-
trations of lead determined by hydrofluoric acid digestion
of untreated and treated soils from the inactive pottery fac-
tory. The data also appear to be distributed normally, and
the estimates of sample variance for the data from both
locations again appear to be approximately equivalent.
Therefore, separate Student t-tests were performed on the
data from the pottery factory and the data from the trailer

park to compare the differences in total concentrations of
lead in untreated and treated soils.

Table 2-28 displays the summary statistics associated with
the analyses. The statistics again include the estimated
mean concentrations of lead for untreated and treated soil,
the calculated percent change in the means, and the level
of significance of the t-scores. The observed mean concen-
tration of lead in soil from the trailer park decreased from
1,345.7 mg/kg to 666.8 mg/kg, and the mean concentra-
tion of lead in soil from the pottery factory also decreased
from 41,500 mg/kg to 28,633 mg/kg. The change in the
mean concentrations of lead is not statistically significant
at the inactive pottery factory, according to the t-score
value, which is the expected outcome of the analysis. How-
ever, the decrease in total concentrations of lead at the
trailer park is considered significant. Therefore, the statis-
tical analysis of those data suggests that there was no dif-
ference in concentrations of lead between treated and
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V 1 016 035

V 2 015 035

V 3 025 035

V 4 035 056

V 5 075 055

V 6 s/n 065

V 7 s/n 064

V 8 s/n 036

V 9 s/n 046

.delpmaston=s/n:etoN

untreated soils from the inactive pottery factory and a sig-
nificant decrease in mean concentration of lead in treated
soil from the trailer park, as determined by hydrofluoric acid
digestion method. The reason for the significant decrease
is unknown; however, it is possible that the drop in total lead
concentrations (as measured by the hydrofluoric acid di-
gestion method) at the trailer park may have been the re-
sult of the sampling efforts conducted on the untreated
soils, which may have removed some hot spots of high
lead concentrations that were bound in stable matrices
(therefore, no more of such materials may have remained
when the soils were sampled after the application of
Envirobond™). Therefore, the decrease in lead between
the untreated and treated soils observed in the results of

the nitric acid digestion method at the trailer park also may
be due to the removal of hot spots, rather than the bind-
ing action of Envirobond™.

SPLP Lead
The SPLP concentrations of lead in untreated soil were
compared with the SPLP concentrations of lead in treated
soil to determine whether the application of Envirobond™
decreased the solubility of the lead in the soil. The crite-
rion selected for determining whether the application of
Envirobond™ had an effect on the soil was a concentra-
tion of SPLP lead in treated soil of less than 5.0 mg/L.
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B etisopmoC 2.5 5.6

D etisopmoC 1.6 3.6

E etisopmoC 2.6 4.6

F etisopmoC 0.7 9.5

H etisopmoC 8.5 0.6

I etisopmoC 4.5 9.6

J etisopmoC 0.6 6.6

P etisopmoC 0.6 1.6

S etisopmoC 7.5 2.6
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V 9 s/n 5.5
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F etisopmoC 025,2 075,1

H etisopmoC 031,1 575

I etisopmoC 115 703

J etisopmoC 407 374

P etisopmoC 070,1 857

S etisopmoC 436 144

.42-2elbaT dicAcirtiNrofstluseRlacitylanAdaeL
yrotcaFyrettoPevitcanIehtmorflioSrofnoitsegiD

latnemirepxE
tinU

gnilpmaS
noitacoL

detaertnU
)gk/gm(

detaerT
)gk/gm(

V 1 006,63 005,65

V 2 003,63 001,32

V 3 008,22 003,62

V 4 005,72 002,32

V 5 005,75 007,82

V 6 s/n 002,72

V 7 s/n 008,72

V 8 s/n 005,93

V 9 s/n 001,22

.delpmaston=s/n:etoN

.52-2elbaT noitsegiDdicAcirtiNrofscitsitatSyrammuS

citsitatS
kraPreliarT
)gk/gm(ataD

yrettoPevitcanI
)gk/gm(ataDyrotcaF

naemdetaertnU
)noitaiveddradnatS( )438(9.751,1 )413,31(0.041,63

naemdetaerT
)noitaiveddradnatS( )295(5.908 )830,11(9.884,03

ecnereffiDnaeM
)detaerT-detaertnU( 4.843 0.156,5

ecnacifingisfoleveL 300.0 322.0

HsilevelecnacifingishtiwdetaicossasisehtopyH:etoN o naem:
nodetcudnocsawtset-tderiapA.0=detaertnaem-detaertnu

gnimussatset-tderiapnunadna,krapreliartehtmorfatad
sawselpmasdetaertnudnadetaertneewtebsecnairavlauqenu

.yrotcafyrettopehtmorfatadehtnodetcudnoc

.62-2elbaT stluseRlacitylanAdaeLkraPreliarT
noitsegiDdicAciroulfordyHgnisU

latnemirepxE
tinU

gnilpmaS
noitacoL

detaertnU
)gk/gm(

detaerT
)gk/gm(

A etisopmoC 412 354

B etisopmoC 703 622

D etisopmoC 077,2 225

E etisopmoC 093,2 822

F etisopmoC 087,2 059,1
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S etisopmoC 093,1 325



34

.72-2elbaT daeLyrotcaFyrettoPevitcanI
noitsegiDdicAciroulfordyHgnisUstluseRlacitylanA

latnemirepxE
tinU

gnilpmaS
noitacoL

detaertnU
)gk/gm(

detaerT
)gk/gm(

V 1 009,45 006,62

V 2 002,35 004,22

V 3 005,11 007,72

V 4 009,04 002,81

V 5 000,74 000,23

V 6 s/n 000,53

V 7 s/n 003,92

V 8 s/n 006,13

V 9 s/n 009,43

.delpmaston=s/n:etoN

.82-2elbaT noitsegiDdicAciroulfordyHrofscitsitatSyrammuS

citsitatS
kraPreliarT
)gk/gm(ataD

yrettoPevitcanI
)gk/gm(ataDyrotcaF

naeMdetaertnU
)noitaiveddradnatS( )789(7.543,1 )756,71(005,14

naeMdetaerT
)noitaiveddradnatS( )415(8.666 )526,5(336,82

ecnereffiDnaeM
)detaerT-detaertnU( 9.876 230,21

levelecnacifingiS 20.0 4090.0

HsilevelecnacifingishtiwdetaicossasisehtopyH:etoN o naem:
nodetcudnocsawtset-tderiapA.0=detaertnaem-detaertnu

gnimussatset-tderiapnunadna,krapreliartehtmorfatad
sawselpmasdetaertnudnadetaertneewtebsecnairavlauqenu

.yrotcafyrettopehtmorfatadehtnodetcudnoc

Table 2-29 lists the concentrations of SPLP lead in un-
treated and treated soil from the trailer park. The concen-
trations of SPLP lead in untreated soil from the trailer park
all were lower than the detection limit of 0.5 mg/L. Of the
10 samples of treated soil from the trailer park, 7 contained
concentrations of SPLP lead that were higher than the
detection limit, but none of those concentrations exceeded
the criterion of 5.0 mg/L. The concentrations of SPLP lead
in untreated soil from the trailer park indicate that the con-
taminated soil would not require treatment.

Table 2-30 lists the concentrations of SPLP lead in un-
treated and treated soil from the inactive pottery factory.
The concentrations of SPLP lead in untreated soil from the
inactive pottery factory all were lower than the detection
limit of 0.5 mg/L. Of the 9 samples of treated soil from the
inactive pottery factory, 7 contained concentrations of
SPLP lead that were higher than the detection limit, but
none of those concentrations exceeded the criterion of 5.0
mg/L. The concentrations of SPLP lead in untreated soil
from the inactive pottery factory indicate that the contami-
nated soil would not require treatment. A parametric sta-
tistical analysis of the concentrations of SPLP lead in
treated soil cannot be performed because of excessive
number of nondetects. However, the following nonparamet-
ric argument can be made to support a conclusion that the
mean concentration of SPLP lead in treated soil does not
exceed 5.0 mg/L. If the mean was greater than or equal to
5.0 mg/L, the probability of observing an individual concen-
tration of SPLP lead higher than 5.0 mg/L would be at least
0.5. Therefore, the probability of observing 10 independent
samples of treated soil (9 samples at the inactive pottery
factory) at less than 5.0 mg/L could be no more than 0.510

= 0.00098 (0.59 = 0.001953 at the inactive pottery factory)
. Therefore, the hypothesis that the mean concentration of
SPLP lead in treated soil from the trailer park exceeds 5.0
mg/L is rejected at a 0.001 level of significance at the trailer

park and at a 0.01 level of significance at the inactive pot-
tery factory. The statistical analysis of untreated and
treated soil from the trailer park and the inactive pottery
factory did not indicate a statistically significant change in
concentrations of SPLP lead.

Phosphates
Envirobond™ contains phosphoryl esters used to form
metal complexes. Phosphates may be released from the
soil into local streams through stormwater runoff. There-
fore, two analytical procedures were used to evaluate
whether the phosphates in Envirobond™ could be re-
leased into the environment. The methods are comparison
of the total phosphate concentrations in untreated and
treated soils at both sites by SW-846 Method 9056 and
comparison of the concentrations of untreated and treated
soils that leach from untreated and treated soil when the
SPLP test (SW-846 Method 1312) is applied and analysis
of the extract for total phosphates by SW-846 Method
9056.

Table 2-31 lists the total concentrations of phosphate for
soil from the trailer park, and Table 2-32 lists the total con-
centrations of phosphates for soil from the inactive pottery
factory. The data from both sites clearly show significant
increases in the concentrations of phosphates after the
application of Envirobond™.

Table 2-33 lists the concentrations of SPLP phosphates for
untreated and treated soils from the trailer park, and Table
2-34 lists the concentrations of SPLP phosphates for un-
treated and treated soil from the inactive pottery factory.
The data from both sites also clearly show a significant
increase in the concentrations of SPLP phosphates after
the application of Envirobond™.
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Table 2-35 displays the estimated means and 95 percent
confidence intervals for both sets of data on treated soil
from both sites. The estimated mean concentrations of
phosphates were 6,575 mg/kg for the trailer park and
8,085.5 mg/kg for the inactive pottery factory. The esti-
mated mean concentrations of SPLP phosphates were
450.5 mg/L and 322 mg/L for the the trailer park and inac-
tive pottery factory, respectively. On the basis of the data
obtained by conducting analytical procedures, it appears
that phosphates from the application of Envirobond™
could leach from the soil, a circumstance that could affect
nearby surface water.

Summary
In total, 11 types of analytical procedures were conducted
to predict the long-term stability of the soil treated by
Envirobond™. The results for each procedure for both the
trailer park and the inactive pottery factory were presented
in the preceding subsections and are summarized in the
table titled  “Summary of Results for Objective S1”.

The results of conducting most of the procedures indicate
that Envirobond™ appears to increase long-term stability.
However, the results of some of the procedures suggest
that Envirobond™ does not increase long-term stability.
Long-term stability of soil was indicated for soils treated by
Envirobond™ at both test locations, as shown by the ana-
lytical results of the MEP, lead speciation by sequential
extraction, CEC, and SPLP lead test procedures. In addi-
tion, long-term stability of the soil was indicated at one site,
but not at the other, by analytical results of the acid neu-
tralization capacity test. The analytical results or testing by
the lead speciation by SEM (conducted only on soils from
the trailer park) were mixed in that the silica phosphate
phase (low solubility) was increased and some soluble
species of lead were reduced, while other stable phases

of lead were also reduced. For both locations, long-term
stability of soil was not indicated for soils treated by
Envirobond™ by the results of the pH analyses, Eh analy-
ses, separate analyses for total lead by nitric and hydrof-
luoric acids, total phosphates, and SPLP phosphates.

2.4.4 Evaluation of S2
Demonstrate that the application of Envirobond™ does
not increase the public health risk of exposure to lead.

During the demonstration, it was necessary to remove
vegetation with a sod cutter and to prepare the soil for the
collection of samples before and after treatment. The ac-
tivities generated dust that was monitored with real-time
devices. Air sampling devices were used to determine the
total concentrations of lead in the dust. Accomplishment
of S2 was evaluated by collecting air samples through fil-
ters during tilling operations and calculating the exposure
to lead on the basis of total lead content of the air sam-
pling filters and the length of exposure. The concentration
of lead was determined by the nitric acid digestion method
described in Section 2.3.1. The exposure calculated was
compared with NAAQS for lead, which currently is 1.5 µm/
m3 of air, averaged over a period of three consecutive
months. Table 2-36 lists the exposures calculated for the
worker during the demonstration.

The only sample result in the detectable range, 24 g/m3,
occurred on September 25, 1998 on the east area sample.
The tilling activity at this plot and the corresponding sam-
pling period were 5 minutes in duration. These values ex-
trapolate to a concentration of 9.3 x 10-4 mg/m3 over a
3-month period, which is lower than the NAAQS standard.
Assuming that the concentration was to remain constant
during extended remediation activities; however, the
NAAQS standard would be exceeded after approximately
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135 hours. The application of Envirobond™ does not ap-
pear to create a significant quantity of dust; however, air
monitoring was not conducted during that activity. If it is
determined that it is necessary to remove the soil or use
other techniques that may generate dust, air monitoring
with real-time devices correlated to actual concentrations
of lead in the air (for example, high-volume air samplers)
and, if appropriate, dust suppression measures should be
employed.

2.4.5 Evaluation of Objective S3
Document baseline geophysical and chemical conditions
of the soil before the addition of Envirobond™.
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F etisopmoC 7.21< 00021

H etisopmoC 0.21< 0555

I etisopmoC 7.21< 0834

J etisopmoC 1.21< 0846

P etisopmoC 3.21< 0156

Soil samples collected from the locations at the trailer park
and the inactive pottery factory at which the demonstra-
tion was conducted were analyzed to determine the soil
classification and to determine whether VOCs, SVOCs, or
oil and grease were present in the soils.

One soil sample from each of the demonstration sites was
analyzed by ASTM Method D 2487-93, Standard Classi-
fication of Soils for Engineering Purposes, to determine the
soil classification. The soil type for both sites has been
identified as sandy silt, an organic clay having low plastic
limits and liquid limits of less than 50 percent.
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The results of analysis for VOCs did not indicate the pres-
ence of any VOCs in the soils at either site. The analysis
for SVOCs indicated the presence of the following SVOCs
in the soils at the inactive pottery factory:
benzo(a)anthracene (0.82 mg/kg), benzo(b)fluoranthene
(0.91 mg/kg), benzo(k)fluoranthene (0.77 mg/kg),
benzo(a)pyrene (0.69 mg/kg), chrysene (1.0 mg/kg),
fluoranthene (1.9 mg/kg), and pyrene (1.9 mg/kg). Those
SVOCs typically are found in crude oil, fuel oil, or used
motor oil. The soil in that area did show signs of staining
that may have been the result of the disposal of a small
quantity of waste oil. On the basis of the concentrations
detected and the current state regulations governing pe-
troleum releases, it does not appear that the SVOCs
present at the site require remediation. The technology
developer indicated that the SVOC would not interfere with
Envirobond™. The analytical results for the soil at the in-
active pottery factory indicated that oil and grease were
present at a concentration of 3,680 mg/kg. The analytical
results for the soil at the trailer park did not indicate that
oil and grease were present.

Humic and Fulvic Acids
The soil humus fractions (humic acid and fulvic acid) were
determined from untreated samples collected from both
sites. Humus in soils contributes ligands that can bind with
the lead. These concentrations can be used to evaluate
whether the humus is contributing to the concentration of
the lead species bound to organic fractions. That informa-
tion is important when a technology uses humic acids to
bind the lead. However, since Envirobond™ does not use
humic acids to bind the lead, the concentration of humic
acids is provided only as a description of the organic matter
in the soil. The concentration of humic acid in the soil at the
trailer park was 2,400 mg/L, and the concentration of hu-
mic acid in the soil at the inactive pottery factory was 1,400
mg/L. The concentration of fulvic acid in the soil at the
trailer park was 600 mg/L, and the concentration of
fulvic acid at the inactive pottery factory was less than
500 mg/L.

2.4.6 Evaluation of Objective S4
Document the operating and design parameters of
Envirobond™.

On the basis of information obtained through the SITE
evaluation, from RMRS, and from other sources, an eco-
nomic analysis examined 12 cost categories for a scenario
in which Envirobond™ was applied at full scale to treat soil
contaminated with lead at a Superfund site. For the cost
estimate, it was assumed that the site was one acre in size
and that the treatment was applied to a depth of 6 inches,
or approximately 807 cubic yards of soil. The estimate
assumed that the soil characteristics and lead concentra-
tions of lead at the site were the same as those encoun-
tered during the CRPAC evaluation. With those
assumptions, the total costs were estimated to be $32,500
per acre or $40.27 per yd3. Costs for application of
Envirobond™ may vary significantly from that estimate,
depending on site-specific factors.

2.5 Quality Control Results
The overall quality assurance (QA) objective for the SITE
program demonstration, as set forth in the QAPP, was to
produce well-documented data of known quality as mea-
sured by the precision, accuracy, completeness, represen-
tativeness, and comparability of the data, and the
conformance of the data to the project required detection
limits (PRDL) for the analytical methods. Specific QA ob-
jectives were established as benchmarks by which each
of the criteria was to be evaluated. Section 3.0 of the QAPP
presented the QA objectives for the critical parameters.

This section discusses the quality control (QC) data with
respect to the QA objective of the project for critical param-
eters. The results, and those for noncritical parameters,
can be found in the unpublished TER for this SITE dem-
onstration (Tetra Tech 2001). The TER is available upon
request from the EPA work assignment manager (see
Section 1.4 for contact information).

QA objectives for laboratory analysis of the critical param-
eter bioavailable lead were evaluated on the basis of ana-
lytical results from matrix spike samples and matrix spike
duplicate samples (MS/MSD), blank spikes, laboratory
control samples (LCS), reagent blanks, bottle blanks, and
calibration criteria. QA objectives for laboratory analysis of
the critical parameter TCLP lead were evaluated on the
basis of MS/MSDs, LCS/LCSD, and method blanks. Table
7-1 of the QAPP summarizes the internal acceptance cri-
teria for laboratory QC samples, as well as corrective ac-
tion procedures for the demonstration.

2.5.1 Completeness
The QA objective for data completeness specified by the
QAPP is that 100 percent of all planned measurements will
be obtained and will be valid. As discussed in Section 3.1,
SITE Program personnel did not collect an equipment and
field blank during the post-treatment sampling for
bioavailable lead analysis. Analytical results of the pretreat-
ment equipment and field blanks and subsequent long-
term monitor ing blanks did not indicate
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cross-contamination as a result of sample collection or
shipping procedures. Therefore, this deviation should not
impact the overall data quality. All of the soil samples speci-
fied in the QAPP for TCLP lead analysis were collected and
analyzed. All samples were analyzed within the holding
times specified in the QAPP and all of the TCLP lead data
were considered usuable. Therefore, the critical param-
eters of bioavailable and TCLP lead data are considered
to be 100 percent complete.

2.5.2 Comparability and Project-required
Detection Limits
Based on the consistent implementation of a reference
method, pretreatment and post-treatment data for critical
parameters (bioavailable lead and TCLP lead) are consid-
ered to be comparable. As specified by the QAPP, the
University of Colorado used the SBRC In Vitro Method for
Determination of Lead and Arsenic Bioaccessibility to ana-
lyze soil samples for bioavailable lead and Quanterra used
SW-846 Method 1311 (EPA 1996) to analyze soil samples
for TCLP lead concentrations. The PRDLs specified in
Table 3-1 of the QAPP were achieved for all samples col-
lected during the demonstration.

2.5.3 Accuracy and Precision
Accomplishment of QA objectives for accuracy and pre-
cision were evaluated on the basis of MS/MSD percent
recoveries and relative percent differences (RPD). Percent
recovery and RPD values for LCS/LCSD and blank spike
(BS) samples, also supported QA objectives for accuracy
and precision.

All of the precision and accuracy assessments for the
bioavailable lead data, including the RPD of the duplicates
and the percent recoveries of the MS and BS analyses,

were within the limits specified in the QAPP. Concentration
levels for spiking met the criteria specified in the QAPP for
all analyses. The QC data for the critical and noncritical
parameters are presented in Appendix B.

One TCLP lead MS/MSD sample had a percent recovery
of 124 percent, which is outside the acceptable range of
80 to 120 percent. The batch of samples for which the MS/
MSD analysis was performed were all pretreatment
samples. Therefore, this deviation should not impact the
overall quality of the data for the demonstration. The data
on untreated soil are not used to determine whether the
technology can meet objective P1, which is to reduce the
TCLP lead concentration to a level lower than the alterna-
tive UTS lead in soil of 7.5 mg/L. The percent recovery of
the LCS/LCSDs were all within the acceptable range of 80
to 120 percent. All of the RPDs for the MS/MSD and LCS/
LCSD samples were less than 20 percent and were there-
fore acceptable.

2.5.4 Representativeness
The University of Colorado analyzed method blank
samples for bioavailable lead to confirm the representative-
ness of the bioavailable lead data by determining if any
lead was potentially introduced during sample preparation
and analysis. The levels of lead in the method blank
samples did not exceed the criteria in the QAPP for method
blanks, which is 25 µ g/L. Therefore, the method blank
analyses do not indicate that laboratory contamination in-
troduced detectable concentrations of the critical param-
eter bioavailable lead to any of the samples, and the
repor ted concentrations of the critical parameter
bioavailable lead appear to be representative of actual
concentrations in the soil samples, based on the available
QC data.
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Quanterra analyzed method blank samples for TCLP lead
to confirm the representativeness of the TCLP lead data
by determining if any lead was potentially introduced dur-
ing sample preparation and analysis. Quanterra did not
detect any TCLP lead in any of the method blanks above
the PRDL of 0.50 mg/L. Therefore, the method blank analy-
ses do not indicate that laboratory contamination intro-
duced detectable concentrations of the critical parameter
TCLP lead to any of the samples, and the reported con-
centrations of the parameter TCLP lead appear to be rep-
resentative of actual concentrations in the soil samples,
based on the available QC data.

Tetra Tech prepared equipment blank samples and field
blank samples to determine if any lead was potentially in-
troduced by sample collection, handling, and packaging
procedures. The blank sample preparation techniques are
summarized in Section 2.5.1 of the TER. The results of the
equipment and field blank analyses are summarized in
Tables 4-1 and 4-2 of the TER. No lead was detected in any
of these blank samples above the PRDL of 100 µ g/L.

The University of Colorado analyzed the equipment blank
and field blank samples for bioavailable lead to confirm the
representativeness of the bioavailable lead data by deter-
mining if any bioavailable lead was potentially introduced
during sample collection, handling and packaging proce-
dures. The University of Colorado did not detect any
bioavailable lead in any of the equipment and field blanks
above the PRDL of 100 µ g/L. Therefore, the equipment
and field blank analyses do not indicate that sample col-
lection, handling and packaging procedures introduced
detectable concentrations of the critical parameter
bioavailable lead to any of the samples.

Quanterra analyzed the equipment blank and field blank
samples for TCLP lead to confirm the representativeness
of the TCLP lead data by determining if any lead was po-
tentially introduced during sample collection, handling and
packaging procedures. Quanterra did not detect any TCLP
lead in any of the equipment and field blanks above the
PRDL of 0.50 mg/L. Therefore, the equipment and field
blank analyses do not indicate that sample collection, han-
dling and packaging procedures introduced detectable
concentrations of critical parameter TCLP lead to any of
the samples.


